to a high burden of respiratory illnesses and byssinotic symptoms e.g. chronic cough, chronic phlegm, wheezing, shortness of breath and chest tightness [10] .
Byssinosis occurs exclusively in workers in cotton, flex, jute and hemp mills [11] . Globally, 40% of the cotton workers in dusty sections are affected by byssinosis; in India, the prevalence is 30% [12] . Prolonged exposure (especially in spinning and weaving cotton mills) and heavy smoking have been reported as risk factors for byssinosis [13] [14] [15] . Low education, long term exposure to cotton dusts particularly in spinning sections of textile mills, and Sindhi ethnicity [10] were significantly associated with the high prevalence (35.6%) of byssinosis in Karachi [16] . The incidence of byssinosis was reported as 32% in a cotton card room, where the concentration of bacterial endotoxins was 7.2 µg/m 3 , and 47% in a hemp card room, where endotoxin concentration amounted to 8.72 µg/m 3 . No cases of byssinosis were reported in cotton workers, who were only exposed to traces of endotoxin [17] .
Exposure to cotton dusts, besides the effects on lungs, may also cause other health problems e.g. eye problems and headache [9] , and cotton workers are continuously exposed to excessive noise levels, resulting in hearing loss [18] . It has been reported that exposure to cotton dusts and toxic effluents resulted in genotoxic effects in cotton ginners [4] . In this context, it will be pertinent to look for any cellular cytotoxic or genotoxic effects in human buccal cells due to cotton dusts and endotoxins.
The buccal mucosa, which covers the inner lining of the oral cavity, is composed of four distinct strata of stratified squamous epithelium, [19, 20] . The epithelial layer provides a natural barrier and protection to the entry of toxic materials, microorganisms, physical trauma causing agents, different carcinogens and their metabolized potentially toxic products [20] [21] [22] . As more than 90% of all cancers are epithelial in origin [23] , exfoliated buccal cells may provide as much information as blood cells [24] . Micronuclei (MN) frequencies in exfoliated buccal cells and lymphocytes are valid biomarkers for cancer risks in humans [25] . Buccal cells have some advantages over lymphocytes [26, 27] e.g. buccal cells do not need prior stimulation [26] and repeated buccal cells samplings may easily be taken [28, 29] . Buccal cells have limited DNA repair capacity and may more accurately reflect genomic instability [30] . Genotoxicity in cutting sections of the cotton industry was reported in a study in India [4] . However in 2009, in a systematic review and meta-analysis of epidemiological studies on cotton and agricultural workers, it was revealed that exposure to endotoxins was protective against lung cancers [31] . No association of lung cancer was found due to exposure to wool, silk and synthetic fibre dusts in occupational settings [32] .
The buccal cells MN assay was first proposed in 1983 [29] . After that, lots of studies were conducted covering various aspects. The number of publications on the human buccal micronucleus cytome assay has greatly increased in the last decade [33] . There was an international interest in the application of MN assays for assessing environmental exposure effects on micronuclei of blood cells and epithelial tissues, which eventually led to the launching of the HUMN (HUman MicroNucleus) Project in 1997. It focuses on lymphocytes and exfoliated epithelial cells from more than 40 laboratories worldwide and provides a database on MN for public health and epidemiological studies [34] . The MN assay method in human exfoliated buccal cells is a minimally invasive method for monitoring genomic damage and cytogenic effects caused by exposure to different environmental and occupational factors, diseases, dietary and lifestyle factors [33] . It is a relatively simple procedure and a variety of toxicological end points can be easily evaluated [35] . Furthermore, non-invasiveness of the procedure [36, 37] , easy collection, transport, storage of cells and slide preparation at room temperature have made the human buccal MN cytome assay (BMCyT) a preferred choice for molecular epidemiological and large biomonitoring studies [24] . This buccal cells approach was used for assessing genotoxic effects of cotton dusts in cutting sections of textile industry in 20 exposed workers and in a similarly-numbered matched control group [4] .
To establish the relationship between cotton dusts exposure, decline in lung function and byssinosis in cotton workers, further studies were recommended with emphasis on air monitoring and quality check-up in cotton industries via active surveillance [8] .
Working conditions in cotton factories in developed countries have considerably improved, but in developing countries like Pakistan, the working conditions are not up to the standards. There is still continuous and unprotected exposure to cotton dusts, endotoxins and different physical and chemical agents, which cause different public health problems in cotton workers, mostly in the respiratory tract, eventually resulting in byssinosis. The long term exposure to cotton dusts and endotoxins may result in cellular effects, particularly cytotoxic cellular changes in buccal cells.
This study will help to determine the magnitude of byssinosis and other public health problems in selected cotton factories in Faisalabad, Punjab. The study will measure cotton dusts and endotoxin levels in different sections of the cotton industry. The exposure to cotton dusts and endotoxins may be greater in some sections of cotton factories, and some workers may be more exposed than others. It will further elucidate the long term exposure effects on lungs via pulmonary function tests (PFTs). The study will help to investigate if occupational exposure in the cotton industry causes any cytotoxic (karyorrhexis, karyolysis, condensed chromatin and pyknosis) effects and genotoxic/DNA damage (micronuclei, broken eggs) in buccal epithelia. These buccal cellular parameters have not been prior investigated in exposed cotton workers in different sections of the cotton industry. The study will help to generate evidence for policy formulation to improve working conditions of workers in cotton industries. The need was felt for information about health hazards in weaving industries and established policies for improving the working conditions of weavers in cotton industries [9] .
Material and methods
A field study in the Faisalabad Region, Punjab, Pakistan is planned to investigate the occupational hygiene and safety conditions in a representative sample of cotton factories. There are 362 major textile spinning, weaving and processing units and more than 300 thousand small-scaled power looms in Faisalabad [38] . Public health problems in cotton factories will be determined via a check list/walk-through survey in at least 20 big spinning, weaving and processing factories and 20 small-scaled weaving factories via proportionate stratified sampling. Structured questionnaires will be randomly administered to a representative sample of 800 cotton workers to assess the prevalence of byssinosis, respiratory symptoms and other health problems [39] . PFTs including Forced Vital Capacity (FVC), Forced Expiratory Volume in 1 Second (FEV1), FEV1/FVC ratio, Peak Expiratory Flow Rate (PEFR) and Forced Expiratory Flow (25-75) will be conducted in at least 100 exposed cotton workers in spinning and weaving factories. In addition, bio-effect monitoring will be carried out in a subsample of volunteering workers. Cotton dusts will be measured in different sections and different types of cotton factories via spectrometer. Active airborne dust in the workplaces will be sampled on glass fibre filters via active air pump and will be analysed for endotoxin and selected pesticides. The endotoxin samples will be stored at lower temperature in a dry place and later will be extracted from the filters by shacking in pyrogenfree water and will be measured via Limulus Amebocyte Lysate (LAL) assay method [40, 41] . This paper will detail the hypotheses underlying this bio-effect monitoring and discuss the methods applied, considering the limitations of the field work setting. While PFTs will follow standard protocols the use of cytotoxicity and genotoxicity tests on buccal cells are relatively new in that field and deserve a more thorough description.
Ethical consideration: The study has been approved by the local authorized ethical committee in Pakistan. Informed consent from the study participants will be sought [42] . Written informed consent might prove difficult because of the high rate of illiteracy among the work force. In that case verbal consent will suffice. Selection of exposed and non-exposed groups for buccal cells sampling: 50 exposed cotton dusts exposed workers (more than the minimal size of 30 subjects) [24] and 50 non-exposed/controlled subjects based on similar matching for social and income status, age, weight, height, body mass index, alcohol consumption, dietary habits and smoking status will be selected for buccal cells sampling [35] . PFTs will be performed in both exposed and non-exposed groups as supplementary to buccal cells sampling.
Socio-demographic and exposure variables: Information about age, sex, smoking status, health status, medicine and micronutrients intake and recent exposure to radiotherapy will be asked [43, 44] . Information about educational status and use of preventive measures in occupational exposures, e.g. masks, gloves, caps and earplugs, may also be obtained during buccal cell sampling for biomonitoring.
Collection of buccal cells: Buccal cells will be noninvasively collected from inner walls of cheek [24, 45] via wooden spatula and then will be smeared directly on slides manually. The slides will be dried up and will be brought to Institute of Cancer Research, Internal Medicine 1, Medical University of Vienna, 1090 Vienna, Austria for fixation and staining. Two slides from each individual i.e. from both right and left sides of cheeks of the subjects will be prepared for microscopy.
Fixation of buccal cells: Buccal cells will be fixed with methanol and glacial acetic acid in a (3:1) ratio [35] . After staining, the slides will be permanently fixed via a cover slip with 2 drops of Entellan glue for a longer period. The slides will be dried and excess of glue will be removed with tissue paper from the slides.
Staining of slides: After fixation, the slides will be put in 5 M hydrochloric acid [35] . The slides will be stained with DNA-specific (Feulgen) stain instead of non-specific DNA stains (Giemsa-based stains), because staining with the latter may result into false positive results due to misinterpretation of keratin bodies for micronuclei [46] . Additionally, the slides will be stained with Light Green cytoplasmic stain [35] .
Microscopy: Buccal cells will be scored under bright field and fluorescence microscopy. Fluorescence microscopy is helpful to look for micro-nuclei [35] . All the slides from the exposed cotton weavers and non-exposed subjects will be scored under fluorescence microscopy.
Blind evaluation of the slides: The buccal cells will be blindly scored; the coding will be done by a person not directly involved in the experiment so that the observer will not be aware to which group (i.e. exposed or nonexposed/control) the slides belong [35] .
Scoring of buccal cells for nuclear anomalies: The buccal cells will be scored according to present standard protocol [35] by Abdul Wali Khan (under supervision of Armen Nersesyan) in two steps. In the first step, 1000 individual cells will be evaluated for frequencies of various cell types e.g. basal, differentiated, micronuclei (MNi), binucleated, condensed chromatin, karyolitic, karyorrhectic and pyknotic cells. In the second step, counting of the differentiated cells for presence of MNi and nuclear buds (NBUD) will be continued until the total differentiated cells amount to 2000. The frequencies of various cell types will be represented per 1000 cells or as a percentage [24] .
Discussion
Most of the environmental and health problems in the cotton industry are due to exposure to toxic agents that are being released during mechanical and chemical processes [5] . Occupational exposure to cotton dust is associated with acute and chronic inflammation of the respiratory tract, resulting in organic dust toxic syndrome, byssinosis, asthma, bronchitis and chronic airway obstruction [3, 47] . Prolonged exposure to cotton dusts significantly decreases FVC, PEFR, FEV1 and FEV1/FVC ratio [10, 48] . It was reported that 82.3% of workers in cotton factories are exposed to high molecular weight cotton dust allergens, resulting in occupational asthma [49] . Exposure to cotton dusts in spinning and weaving textile factories in Karachi resulted in 8% obstructive, 8% restrictive and 2% mixed pattern of lung function abnormality [10] . Prolonged exposure to cotton dusts is strongly associated with byssinosis and a decline in PFTs including FEV1 and FEV1/FVC; for example, the prevalence of byssinosis was reported as 24% in cotton workers with exposures less than 10 years, and 45% among workers with more than 30 years of exposure in cotton factories [12] . Cotton dusts are composed of inhalable, thoracic and respirable dusts. The laser scattering technology used to measure dust particles of different size ranges also allows us to calculate exposure to particulate fractions in the environment (PM 2.5, PM 10), which is also discussed because of severe negative health impacts in occupational settings [50] . There are suggestions that cotton gin's actual PM 2.5 level is likely to be 10 to 14 times higher than reported, so there is need for accurate and evidence-based data concerning PM 2.5 [51] . Both PM 10 and PM 2.5 can cause respiratory health problems, but PM 2.5 is more toxic and can penetrate deeply into the smaller airways [52] .
The organic dust in cotton industry contains endotoxin, which causes airway symptoms and decreased pulmonary function among cotton workers [53] . Endotoxin is ubiquitous in the environment but hazardous effects occur mostly in industrial settings, when concentrations are greater than 100 ng/m³ (compared to domestic levels of <1 ng/m³) [54] . A dose-response relationship of endotoxin was presented by Merchant et al. [55] and may be used as a standard. Lung function changes were noted in a cross-sectional study on exposure to endotoxin levels of 0.2 to 470 ng/m³ [56] ; it was revealed that decreases in lung function were more strongly related to endotoxin than to cotton dust. The threshold for a 5% decrease in FEV1 in non-smokers was 1.63 mg/ m3 for cotton dust, while for smokers it was 0.58 mg/m³; the corresponding values for endotoxin were 0. 17 µg/m³ (170 ng/m³) and 0.08 µg/m3 (80 ng/m³) respectively [57] . Endotoxins are an integral part of the outer membrane of gram negative bacteria cell walls -composed of proteins, lipids and lipopolysaccharides (LPS) -which are released when bacteria lyse [58] . Lipopolysaccharides are considered to be responsible for most of the biological properties of bacterial endotoxins, particularly lipid A (phosphoglycolipid) [59] . The repeated inhalation of endotoxin in rabbits produces hypersensitivity and acute inflammatory response of the bronchial tree, altering the mechanical properties of lungs, which may be significant in the pathogenesis of byssinosis [58] . A dose-related systemic response to inhaled lipopolysaccharides in human subjects after bronchial challenge with pure LPS has been demonstrated [60] . The individual response to inhaled endotoxin includes multiple factors, e.g. dose of endotoxin, timing, potential additive/synergistic effects and genetically determined response of the individual [61] . Inhaled allergens enhance the lung response to lower levels of endotoxin. Inhaled allergens increase the concentration of lipopolysaccharide binding protein, a change that allows lung inflammatory cells to respond to even lower concentrations of endotoxin [62] . Smokers reacted stronger against endotoxin than non-smokers [61] . Endotoxin enhances the release of growth factor [63] and also of Interleukin 6 (IL-6) and Tumour Necrosis Factor-α (TNF-α) by alveolar macrophages [64] . Despite the potential public health problems due to endotoxins, especially in the cotton industry, presently there is no toxicant occupational exposure limit [65] .
Textile workers in cutting sections are exposed to high amounts of fibre dusts; significant increases in the frequency of micronucleated (MNed) cells in buccal epithelial cells of exposed workers in cutting sections are suggestive of genetic damage [4] .
It has been shown that further cessation of exposure to cotton dusts improves the lung function [66] . In order to control occupational lung diseases in the cotton industry, effective measures to control dusts, awareness of workers and staff, and health surveillance need to be adopted [50] . Compulsory use of protective equipment for workers, proper ventilation in the workplace and periodical medical check-ups of workers in cotton factories were recommended [48] . Avoiding heavy noise in ginning sections of cotton factories, mandatory medical examinations, and compulsory use of personal protective equipment (especially ear plugs) in excessive noisy sections of cotton factories were also advised [18] .
